Gene diagnosis refers to the use of genetic testing in the diagnosis of inheritable conditions, which has gradually been applied in clinical practice with the completion of the gene sequencing efforts of the Human Genome Project and the advancement of gene detection technology. In the specialty field of cardiology, monogenic cardiovascular diseases are defined as monogenic inherited diseases with cardiovascular damage as the only phenotype, or accompanied by cardiovascular damage. Although the incidence of such diseases is relatively low, in the country of China with its vast population of 1.33 billion, the sheer volume of patients with monogenic cardiovascular diseases is alarming. With early onset, severe symptoms, and poor prognosis, delays in diagnosis and treatment of monogenic cardiovascular diseases often have serious consequences. Gene testing is perfectly suited for early diagnosis of monogenic cardiovascular diseases, especially for "pre-symptomatic" diagnosis. In this article, we generally review the characteristics of common monogenic cardiovascular diseases, summarize the progress of the standardized application of gene testing technology in clinical practice, describe the applicable population and condition of genetic testing for different monogenic cardiovascular diseases, analyze the practicality of genetic diagnosis of these inheritable conditions, and provide guidance on identifying suitable candidates for gene diagnosis. In conclusion, gene diagnosis provides new insights into the way physicians diagnose diseases, and is well-positioned to guide clinical decision making and treatment, especially in cardiology.
In monogenic inheritance, individual traits are controlled by a pair of alleles and are transmitted according to Mendel's laws of inheritance. Monogenic cardiovascular diseases refer to monogenic inherited diseases with cardiovascular damage as the only phenotype, or accompanied by cardiovascular damage. There are more than 100 kinds of monogenic cardiovascular disease. 1 Clinically, the most common monogenic cardiovascular diseases include cardiomyopathy (hypertrophic cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, dilated cardiomyopathy, metabolic cardiomyopathy), cardiac ion channel diseases (long QT syndrome, short QT syndrome, Brugada syndrome, catecholamine-sensitive polymorphic ventricular tachycardia, inherited sick sinus syndrome, progressive cardiac conduction diseases), monogenic inherited hypertension (Liddle syndrome, Gordon syndrome, apparent mineralocorticoid excess, systemic glucocorticoid resistance, congenital adrenal hyperplasia, familial hyperaldosteronism, pheochromocytoma), inherited aortic diseases (Marfan syndrome and other syndromes with similar phenotypes, familial thoracic aortic aneurysm and dissection, Ehlers-Danlos syndrome), pulmonary hypertension, inherited thrombophilia, familial hypercholesterolemia, and more than 20 other diseases (Table 1) . Although the incidence of most monogenic cardiovascular diseases is not high, with a huge population of 1.33 billion, China has nearly 7 million people with familial hyperlipidemia, nearly 700,000 people with monogenic hypertension, and about 1 million people with hypertrophic cardiomyopathy. 2 It is estimated that at least 10 million people may have at least one of the more than 100 monogenic cardiovascular diseases. 1 In addition, monogenic cardiovascular diseases generally have early onset, severe symptoms, and poor prognosis. They are the main cause of sudden cardiac death and heart transplantation in adolescents, and have high mortality and disability rates.
3 Therefore, the impact on patients and the health burden imposed by monogenic cardiovascular diseases should not be underestimated.
Previously, monogenic cardiovascular diseases could only be diagnosed by traditional clinical testing methods, such as blood testing for biochemical markers, electrocardiogram monitoring, imaging, or pathological testing. There is no doubt that these clinical methods play an irreplaceable role in the diagnosis and treatment of diseases, but they are all "post-symptomatic" testing methods. In other words, only after the patient demonstrates the corresponding clinical phenotype will they reveal positive results on such tests, leading in delayed diagnosis and treatment of the disease. This is especially tragic for patients whose first clinical manifestation is sudden death, which can occur with hypertrophic cardiomyopathy, cardiac ion channel diseases, etc. With the completion of the gene sequencing efforts of the Human Genome Project and the advancement of gene detection technology, the medical model of precision medicine has gradually been applied to clinical practice. The above monogenic cardiovascular diseases have been cloned into specific pathogenic genes ( It is important that the same gene mutation be detected by Sanger sequencing in the lineal relatives within the family of the patient. If the pathogenic gene mutation is not linked to the disease in the family, next-generation sequencing is recommended, such as targeted gene sequencing and full exome sequencing, to re-screen the gene of the unlinked patients and detect the existence of other pathogenic gene mutations. 4. When the proband is found to carry genetic variants of unknown significance. The pathogenicity of the mutation should be clarified by family screening. 5. When the proband is not found to carry a mutation in the pathogenic gene, genetic testing is not recommended for members of the family (whether or not they are sick). 1 The following are the recommended clinical applications of gene detection for monogenic cardiovascular diseases: 1. If a patient is found to have a mutation in the pathogenic gene combined with corresponding clinical phenotype, testing can help make a definite diagnosis and differential diagnosis. 2. Genetic pathogenicity cannot be completely excluded if no pathogenic gene mutation was detected in the proband. 3. The genetic screening of the family where evidence of pathogenic The availability of genetic testing for definitive diagnosis and differential diagnosis of monogenic cardiovascular diseases is known, but evidence for risk stratification of these diseases is inconsistent because there have been many contradictions in the reporting of the genotype-phenotype relationships in monogenic cardiovascular diseases. This is the main bottleneck restricting adoption of gene diagnosis. The reasons for genotype-phenotype heterogeneity of monogenic cardiovascular diseases are mainly related to the following aspects: 1. The genome alone is not sufficient to explain the disease. It also needs to be interpreted with respect to genetic modification (epigenome), gene transcription (transcriptome), protein expression (proteome), and protein function metabolism (metabolome). 2. Drawbacks in some of the previous studies, especially in the identification of the pathogenicity of mutations. For hypertrophic cardiomyopathy patients, 6.5% of mutations previously known as "pathogenic" are actually false positives after the redefinition of some of the data within the Exome Aggregation Consortium (ExAC) database. 23 3. Other influencing factors such as biomarkers, single nucleotide polymorphisms, gender, environmental factors, and combined diseases affect the manifestation of disease. However, the mutant genotypes of some monogenic cardiovascular diseases have value in phenotypic prediction or risk stratification, which have been recommended by guidelines (Table 3) . These materials have important reference value in clinical practice. With improvements in the quality and quantity of genetic and clinical data, the study of genotype-phenotype relationships will become increasingly accurate, and the major obstacles to the adoption of genetic diagnosis will be eliminated.
In summary, genetic testing for monogenic cardiovascular diseases can be maturely applied in clinical practice. Currently, it is mainly used for the definitive diagnosis and differential diagnosis of diseases. There is also value for risk stratification for some genotypes, which can be effectively used to guide clinical treatment. 
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